Abstract-Dyslexia is one of the most common Specific Learning Difficulties (SpLDs) in the world. Students with dyslexia have poor fluency in reading, writing, spelling, speech, short-term memory, and also other related disorders. In addition emotion is recognised as important as the cognitive difficulty that affects dyslexia learning. Students with dyslexia often suffer emotions like frustration and low self-esteem due to lack of achievement. As a result, they may develop behaviour difficulty or perceive by others as misbehaviours. In order to address the dyslexia learning difficulties several computer-based learning models have been introduced. The computer-based learning model found to be interesting, user-friendly, attractive and supportive. In this paper, we present a study of computer-based learning model to support dyslexia students. The work is crucial to provide a basis for developing a computer-based learning model that addresses dyslexia language-based learning difficulties that considers both student's cognitive and emotion. In addition, the study also explores the uses of machine learning (ML) approach to improve effectiveness ofthe learning process.
I. INTRODUCTION
The word of dyslexia came from the Greek word, which means difficulty in using word that affects a person's language-based processing skills such as spelling, phonology, short-term memory, word confusion and word processing/complexity [1, 2, 3] . Besides cognitive difficulty, emotion is recognised as a difficulty that affects dyslexia learning. Dyslexia students often suffer emotions like frustration and low self-esteem due to lack of achievement. As a result, they may develop behaviour difficulty or perceive by others as misbehaviours. Dyslexia is reported as one of the most common Specific Learning Difficulties (SpLDs) in the world. According to the International Dyslexia Association (lDA), as many as 15 to 20% world population is detected with the symptoms of dyslexia and affecting people regardless of gender, different ethnic and socio-economic background [4] . It is estimated 10 to 17% of school-aged children suffered from dyslexia [5, 6] . A review of the adolescents with dyslexia in Belgium also quoted a 4000 student or 2% to 3% of student population diagnosed with dyslexia in higher education [7] .
An understanding of the dyslexia specific difficulties, and how they may affect their learning performance is crucial to the teacher to adopt suitable learning methods and strategies into the classroom. Thus, for the past several years many researchers have introduced computer-based learning models to supplement traditional teaching model that commonly using pen, paper or any material, which apply multi-senses application for students with dyslexia [8, 9, 10] . The computerbased learning model used mobile application, software program or a computer game to facilitate the learning process [2, 11, 12] . The computer-based learning model found to be interesting, user-friendly, attractive and supportive [13] . Nevertheless, several key challenges have been identified from the existing related models. The first challenge is to address different cognitive difficulties where students with dyslexia may usually suffers from one or more combinations of several cognitive issues such as spelling, reading and writing. The second challenge is the existing learning models, mostly do not emphasis on student's emotions, which closely related to recognise dyslexia behaviour. Emotion is important in learning as it drives attention, which consecutively drives engagement and memory. Finally, to provide an adaptive learning environment that based on intelligent to understand dyslexia student's different difficulties and performance. This paper is organised as follows, in section 2 presents background study, which include dyslexia difficulties, computer-based learning model and machine learning approach. While in Section 3, we presented computer-based learning models found from the literatures. In Section 4, we discuss the challenges found in the existing related works. Finally in the Section 5, we draw a final conclusion.
II. BACKGROUND STUDY Dyslexia is categorised into two types acquired dyslexia and developmental dyslexia that have the same impairment but with difference cause. Acquired dyslexia is a condition when a normal person with a standard reading ability having a traumatic brain damaged due to various reasons likes accident or stroke. On the other hand the developmental dyslexia is inherited through DNA [14] . People with dyslexia reported have an average or above average IQ level [15, 16] .
Unfortunately, in contrast with their IQ level, both types of dyslexia poor in the fluency of reading, word decoding, comprehension, short term memory, writing, spelling, speech and also other related disorders [15] .
Tamboer et al. [17] has classified dyslexia into five common difficulties that include spelling, phonology, shortterm memory, word confusion and word processing/complexity. These difficulties related to skills required for learning language and using specific word, which begin with know how to spell that will help to improve reading fluency and finally able to comprehend writing [18] . In addition, students with dyslexia have a short-term memory, no skill of writing and having difficulty to read [19] . Therefore Sarpudin & Zambri [20] suggests on using creative teaching techniques such as applying suitable size and colour to enhance students with dyslexia memories. The works in [21, 22] suggest improving text display using font type, size, colour, highlighted text and spacing to ease students with dyslexia in word limitation. Subramaniam [19] reported that majority (75%) of dyslexia students had more than one type of cognitive difficulties.
Emotion is recognised as important as the cognitive difficulty that affects dyslexia learning. Students with dyslexia often suffer emotions like frustration, fear, stress, task anxiety, upset and low self-esteem due to lack of achievement [23] . As a result, they may develop behaviour difficulty or perceive by others as misbehaviours. A phenomenological study of dyslexia life experience in Malaysia has discovered several significant emotion challenges [24] . Students with dyslexia became a subject of public embarrassment, for example public tend to perceive them of being lazy, not concentrating and treated as mental retarded [24] .
A. Computer-based Learning Model
According to Sugiyanto [25] , learning model is defined as a systematic procedure of organizing learning experience to achieve specific learning objective and to act as a guidelines for both students and educator in implementing it. Learning model reported to be more effective thru the use of computerbased especially in handling a complex learning problem, passive pedagogy and also deliver to a larger scale of students [8, 26] . Computer-based learning model can be categorised as the used mobile application, software program or a computer game to facilitate the learning process [2, 11, 12] . A computerbased learning model was reported successfully improved learning in various aspect of pedagogy.
Research by Kast et al. [8] covers the aspect of spelling difficulties among students with dyslexia and students nondyslexia with audio-visual material. While Hwang et al. [26] use personalized computer game approach to measure the effectiveness of learning. Effective learning model not only motivate in finding a solution but also improve the learning achievement when constantly use the computer-based learning model [26] . The successful of learning with computer-based material stated by Kast et al. [8] is comparable with the other group that not using the material. Nevertheless, the scope of computer-based not only limit to the use of visual, audio, 285 multimedia element or games. There are other approaches in computer-based learning model especially to support learning for students with disability such as intelligent interactive tutors [27] .
B. Machine Learning in Education
Despite the adoption of Machine Learning (ML) in education is not entirely new [27] , the ML approach for supporting dyslexia learning has just recently triggered interest from many researchers [2, 10] . The ML is defined as a computer program that able to self-learn automatically from their experience [281 Basic concept of the ML relies on building or trains a model from data [29] . The data that used in building the model is called training data. In teaching and learning, machine learning able to figure out on how to perform task by generalize and predict from the training data [27] . Figure 1 depicts the learning material from traditional technology relies heavily on the teacher which then consumed to the students (learners). In contrary, the ML model will learn automatically from the observation input collected by practitioner to support the students [29] .
Traditional t echnology Enhanced L earning
Machine T eaching [29] According to Woolf [27] , the ML is able to learn the student current performance and domain knowledge through observation of student reaction and makes the generalization rules. Weimer [29] proposed a machine teaching as shown in Figure 2 that deliver a practical knowledge through the use of machine learning model from observational data. There are several component in this machine teaching, which include the expert people who observed the observational activity, the student who are perform the learning activity, sensor to detect attributes in learning process and the attributes from students activity in applying model, machine learning method that learn the input data and give the output to the machine model. Then{eedback presentation that gives the information needed.
The ML is also used as a tool to increase the effectiveness of the pedagogy across different subjects, different difficulties and different target [2] . Features of computer-based learning model that uses the ML approach include capability to recognise student learning strategies, detect student affect while learning, predict student performance and act as a tutor to make teaching decision [27] . [29] A recent study by Altrabsheh et al. [30] use the ML techniques to predict student emotion during English class in Jordan universities. In this research, 19 emotions have been selected to be an option in representing their learning outcomes. A total of 1522 textual feedbacks on twitter collected from each students were predicted using machine learning classification algorithm like Naive Bayes (NB), Multinomial Naive Bayes (MNB), Complement Naive Bayes (CNB), Support Vector Machines (SVM), Maximum Entropy (ME) and etc.
Ill. RELATED WORKS
The related works of computer-based learning model to support students with dyslexia is distinctive in terms of the difficulty type(s) it address, learning intervention it provides, modules and subject it covers, platform that it runs on, target users, method used and evaluation type(s). There are 11 related works are reviewed in this work.
MyLexic is introduced by Abdullah et al. [16] were the first intervention for students with SpLDs in Malaysia. It is known as a multimedia courseware that suitable for selflearning and targeted to strengthen alphabetic, syllables and word through reading and writing in Malay Language. MyLexic were developed using 'dual coding theory' and Scaffolding teaching strategy, which provide a teaching assistance by presenting information through visual and audio.
A different perspective of intervention were proposed called "Dyslexia Baca" [9] which focus to help students with dyslexia in distinguishing confused letters like 'p','b', 'd' and 'm' in a Malay language learning model. This model make use of interactive and entertaining method by using a colourful balloon to retain the student's attention and give a claps sound as a complimentary of the success selection. It is run on a mobile platform with a multisensory approach thru audio and visual to strengthen their basic skill in reading, which includes identifying and memorizing the alphabet. However, this model 286 only provide a feedback from the perspective of expert not to the students with dyslexia itself.
The next intervention will focus on proposing guidelines to help dyslexia students in a form of reading aid known as Interaction Design (IxD) [13] . This intervention was focusing on the interface thru Form, Content and Behaviour that concern of user experience. The proposed guidelines were produced from literature research, observation and ethnographic interview with a numbers of students with dyslexia. In this research, a prototype called "MyBaca" was developed based on proposed guidelines to improve reading difficulties that suitable for Malay language early reader. In this prototype the use of animated pencil and minimal text presentation help students with dyslexia focus in learning the content. Currently for evaluation purposes, the prototype not been tested yet to the real user (e.g. students with dyslexia).
Besides Malay language, there were also an intervention for German language conducted by Kast et al. [8] which also use multisensory approach via visual and audio in helping students with and without dyslexia using a computer based spelling program. In this learning model, researcher use colour, graph, musical, textural and word selection controller to strengthen the letters and syllables knowledge in German's word. In addition, the researcher investigates cognitive and student's behaviour through analysis of log files which demonstrate the improvement of dyslexia student's spelling difficulties comparable with non-dyslexia students.
Learning model introduced by Rello et al. [11] also covers spelling aspect like [8] through DysEggxia nonetheless, the researcher use game-based mobile application to strengthen the spelling barrier experienced by students with dyslexia in English and Spanish language. Instead of using a correct word, this researcher used a misspelled word and challenge user to correct the error. These error-based exercises were tested to 48 students for eight weeks comprises of 2500 of exercises each for English and Spanish language with five different difficulty levels. The students were asked to use this application that run on iPad for about 20 minutes with supervision from psychologist and teacher. However, the DysEggxia requires a teacher assistant to keep students engaged when they unable to find a solution. Consequently, the intervention reduced number of error made by students with dyslexia in spelling and writing.
In contrary, Lin and Chai [31] focusing on improving phonological awareness from the perspective of phoneme segmentation, synthetic and tone awareness skill in Mandarin language towards articulate disorder students through an electronic talking (e-talk) pen. The use of embedded stickers arranged in the paper with pre configured sound will articulate the word when the students point to the word using the pen. An experiment were conducted to examine the effectiveness of intervention in helping 6 years old twin with seven teaching units for 30 minutes per class five days a week. This intervention reported improvement of diction in Mandarin language as well as the student motivation in learning.
A digital notebook called JollyMate [10] were developed to help dyslexia students in writing a numbers and letters in English language used audio visual in introducing the letter sound and its formation by copying the path given. The correct written letters will be given a star while the wrong answer will activate the touchscreen for exercise purposes. This model uses handwritten recognition algorithms i.e. Neural Network (NN) and k-Nearest Neighbour (k-NN) to classify the correct and incorrect symbol from training data, and recognized mistakes made by the students using Lipi IDE Tool.
Integrative Assistive System for Dyslexic (IASD) proposed developed by Ndombo [2] is also aims to improve English language literacy skills namely phonological awareness, reading and writing. The three barriers were identified through experimental approach using literacy skill assessments such as reading letter of alphabet, copying letter, handwriting, read aloud a letter and paragraph for about two weeks. The Hidden Markov Model (HMM) ML technique combined with game middleware has able to help dyslexia students in visualizing alphabet. As a result more than 60% improvement on dyslexia literacy skill reported by the researcher.
YUSR is introduced to assists students with dyslexia in learning Arabic language [32] . This software use automatic speech recognition using HMM algorithm that was trained using 500 samples as a medium to help overcome phonic, reading and spelling difficulties. YUSR intended to help dyslexia students aged 5 to 10 years old with two learning levels. In the beginning, letters were introduced with correct diction and writing style. Microphone icon's button records the child diction and display a compliment message for the correct diction while incorrect answer will be asked to repeat the diction again. In the second level, the system will extend the knowledge in forming a simple word by connecting the dictions. Experiment and interview analyse time taken, number of correct and incorrect clicked. Nonetheless, this paper only discussed the issues of students when using the application not the success rate of students with dyslexia phonic, reading and spelling difficulties.
The following related works have emphasized behaviour aspect to support the students with dyslexia. Cetintas et al. [33] has proposed a model that automatically detects off-task behaviours such as talking, idling that irrelevant to learning tasks. This researcher developed math tutoring software with animation and audio and evaluated the software with 12 students with four of them diagnosed as having learning disability. The Least Square (LS) ML algorithm is used to predict occurrence of off-task behaviour. The algorithm has successfully predict occurrence of 34 off-task behaviour from each students detected thru log files based on their action like mouse movement, time taken to finish the task and performance.
iLearnR W Game is a learning model that support both student's cognitive and behaviour difficulties [12] . The app assists students with dyslexia in reading and writing 287 achievement using game approach with interesting character. It is reported that playing can help visualize the knowledge and improved dyslexia student's performance. There are nine literacy exercises validated by expert, which comprises of word segmentation and sentence completion. Each performance will be recorded in the student model attached with time elapsed from the last practice. A motivational lesson planner is used to generate activities that the students already know to avoid frustration with the help of machine learning and crowd sourcing. The effectiveness of the model has not been evaluated so far. Table I summarise comparison of the existing computerbased learning models discussed in this section.
IV. DISCUSSION
Several key challenges have been identified from the related works [2, 9, 12, 16] . The first challenge is to address different difficulties of students with dyslexia that suffer from several cognitive issues related to spelling, reading and writing. Snowling [40] affirmed that students with dyslexia usually have comorbidity meaning they suffer from more than one cognitive difficulty. Yet, most researchers only focus on one cognitive difficulty of dyslexia like Pedler [15] , Tops et al. [7] , Daud and Abas [9] , and Rello et al. [11] . There are also researchers who addressed dyslexia's difficulties in terms of reading and writing using computer-based approach for English [12] and Malay [16] language. Ndombo [2] has proposed an English language-based learning model to overcome three difficulties, including phonological awareness, reading and writing. Besides basic aspects of learning a language like spelling, reading and writing, Khakhar and Madhvanath [10] have concentrate to address difficulties in phonic, writing and short-term memory for the English language. Tamboer et al. [17] non computer-based learning model considers the most comprehensive work, which include five dyslexia difficulties such as spelling, phonology, writing, direction confusion and short-term memory. Currently, there is no computer-based learning model inclusive of the five difficulties for dyslexia as highlighted by Tamboer et al. [17] .
The second challenge is the existing learning models, mostly do not emphasize on student's behaviours. Nevertheless, behaviour issue has recognised as important as the cognitive issue to support dyslexia learning [11, 26] . One example of learning model to overcome behaviour issue of students with dyslexia is using interaction design [31] , text presentation [21] and multimedia element [9] . However, the techniques used are not sufficiently adaptive to respond to students with dyslexia behaviour that change over a short period of time. The study by Subramaniam [3] highlighted behaviour and cognitive difficulties experience by students with dyslexia while learning Malay language but they only proposed non-computer based learning model to overcome reading difficulty. Cetintas et al. [33] reported the learning model they proposed able to detect off-task behaviours while the students learning Maths.
Finally, conventional method depends heavily on instructor that has inadequacy of instructor/students with dyslexia ratio and time, thus make it difficult to provide learning environment for different dyslexia students that have different needs and difficulties. Tn 2014 statistic shows that the number of primary school teachers specialise in special education is still low as compared to the enrolment of the student [36] . Currently, there are only a few researchers [2, 33] begin to use the ML to provide an adaptive learning environment that is based on dyslexia different needs and difficulties. The use of the ML to address different cognitive difficulties in one of the special need school in South Africa has proved to increase dyslexia's learning performance [2] . While Cetintas [33] has used the ML to automatically detect student's off-task behaviour and the system may suggest several interventions (e.g. just-in-time message) when the behaviour occurred. Both studies intended to help students with dyslexia to learn the English language.
Based on the discussed challenges we intend to propose a computer-based learning model to address dyslexia learning difficulties that considers both student's cognitive and emotion. The proposed model intended for student with dyslexia in primary school to learn the Malay language. The model uses ML to provide an adaptive learning environment, which allows the student with dyslexia to learn in ways that are tailored to suit a specific individual with minimal instructor intervention. A preliminary study going to be conducted to understand further issues faced by the students with dyslexia while learning the Malay language in primary school. This paper has presented a study of computer-based learning model to support dyslexia students to learn. The work is crucial to provide a basis for developing a computer-based learning model that address dyslexia learning difficulties that considers both student's cognitive and emotion. Tn addition, the ML approach is found to be an attractive approach to provide an adaptive learning environment that allows students with dyslexia to learn in ways that are tailored to suit a specific individual with minimal instructor intervention. The work intends to reduce the barrier experienced by students with dyslexia in their language-based learning process from the mainstreams population.
